PCR primers for the detection of materials derived from ruminants, pigs, and chickens were newly designed on the basis of sequences of the Art2 short interspersed repetitive element (SINE), PRE-1 SINE, and CR1 long interspersed repetitive element (LINE), respectively. These primers ampliˆed the SINE or LINE from total DNA extracted from the target animals and from test feed containing commercial meat and bone meal (MBM). With the primers, detection of Art2, PRE-1, or CR1 in test feed at concentrations of 0.01% MBM or less was possible. This method was suitable for the detection of microcontamination of feed by animal materials.
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Methods for the detection and identiˆcation of animal materials in feed have proliferated since bovine spongiform encephalopathy was recognized in Great Britain in 1986. Species identiˆcation of such materials is possible by three major methods: enzyme-linked immunosorbent assay (ELISA), microscopic structure identiˆcation, and DNA analysis. ELISA is simple and convenient, but not sensitive enough to detect heat-treated proteins produced during the rendering process. [1] [2] [3] Feed microscopy, although tissue-speciˆc and mostly unaŠected by heat treatment of the samples, is reliable only when the operator is expert. 2) In DNA analysis, use of the PCR has improved feed analysis because of its simplicity, species speciˆcity, and sensitivity for detecting feed components. With species-speciˆc primers 1, [4] [5] [6] [7] [8] [9] and analysis of restriction fragment length polymorphism, [10] [11] [12] material from cattle, sheep, goats, pigs, and chickens can be detected and identiˆed. Primers for PCR have been based on mitochondrial DNA 4, 8, 9) because there are some 2,500 copies of the mitochondrial genome in each cell. This method for the detection of bovine material in feed can detect a concentration of 0.125z bovine-derived meat and bone meal (MBM) with such a bovine-speciˆc primer. 4) In another experiment, the detection limit in MBM of a contamination by single species is 5z, 1z, and 5z for sheep, pigs and chickens, respectively. 8) Matsunaga et al. 9) reported that 0.25 ng of genomic DNA from cattle, sheep, goats, pigs and chickens is the limit for detection with multiplex PCR. The repetitive sequences in genomes can be markers for DNA-based species identiˆcation. In the human genome, there are about 120,000 copies (0.2-0.3z of total DNA) of mammalian-wide interspersed repeats (MIR), 13) ubiquitous in mammalian genomes. Buntjer and Lenstra 14) used MIR sequences ampliˆed with speciˆc primers, and identiˆed 30 species by their PCRˆngerprints. In another experiment, bovine satellite DNA was used for species identiˆcation of raw and heat-treated meat. 15) There are other highly repetitive sequences; among them, short and long interspersed nucleotide elements (SINEs and LINEs) are transposable. SINEs are from 80 to 500 bp long and they often are present in 10 5 copies per mammalian genome. 16) LINEs are 3 to 7 kb long. The chicken genome contains 10 5 copies of the chicken repeat 1 (CR1) LINE. 17) Such interspersed repetitive elements have been found in various animals, and include ruminant BovtA SINE, 18, 19) pig PRE-1 SINE, 20) horse ERE1 SINE, 21) and chicken CR1 LINE. 22, 23) If PCR primers are designed on the basis of sequences of SINEs or LINEs from a particular animal, sensitivity for detection of materials of animal origin in feed might be improved. We therefore undertook the design of new PCR primers for the detection of materials from ruminants, pigs, and chickens, using sequences of Art2 SINE, 24, 25) PRE-1 SINE, and CR1 LINE, respectively.
Total DNA isolated from cattle, sheep, goats, pigs, wild boar, chickens, quails, anchovy, and sardine was used as a control template. Dairy feed containing maize, milo, barley, wheat bran, defatted rice bran, corn gluten feed, soybean hulls, soybean oil meal, rapeseed oil meal, molasses, alfalfa pellet, devil's tongue ‰our refuse, calcium carbonate, and sodium chloride was used as a reference MBM-free feed. Commercial MBM unknown composition was obtained from the rendering industry. Test feeds were prepared with commercial MBM added toˆnal concentrations of zero, 0.001, 0.01, 0.1, and 1.0z to the MBM-free feed. Total DNAs from animals and feed were extracted with the QIAamp DNA stool mini kit (Qiagen, Tokyo, Japan) in accordance with the manufacturer's recommendations. The eluted DNA was precipitated with ethanol, washed with 70z ethanol, dried, dissolved in sterile TE buŠer (10 mM Tris-HCl, pH 8.0, 1 mM EDTA), and stored at 49 C. The concentration of DNA was measured at 260 nm with a Bio-Rad Smartspec 3000 (Bio-Rad, Tokyo, Japan).
The PCR primers listed in Table 1 were designed on the basis of sequences of the interspersed repetitive elements in ruminants, pigs, and chickens. For the Art2 primer for ruminants, the repeat Art2 downstream from the alpha-subunit precursor of the muscle acetylcholine receptor gene (accession no. X02509) was selected. The repeats PRE-1 (D10045) and CR1 (AF305581) in pigs and chickens were used for the design of the PRE-1 primer and CR1 primer. Before the tests, sequences ampliˆed with these primers were sought online with the BLAST service 26) at the National Center for Biotechnology Information to identify the range of animal species with the sequences. The Art2 primer covered cattle, sheep, goats, giraŠes, and muntjac; the PRE-1 primer covered pigs and wart hogs; and the CR1 primer covered chicken. The primers were synthesized by Hokkaido System Science (Sapporo, Japan).
PCR was done with Takara Ex Taq Hot Start version Kit (Takara Bio Inc., Shiga, Japan). The reaction was done in a Takara PCR Thermal Cycler Personal (Takara Bio Inc.) and iCycler (Bio-Rad). The ampliˆcation conditions were one cycle at 959 C for 10 min for the initial denaturation, and then 35 cycles of 959 C for 30 s, 609 C for 30 s, and 729 C for 1 min for extension. A total of 25 ml of the PCR mixture contained 300 nM each primer, 18.75 ng of puriˆed template DNA, 1×Ex Taq reaction buŠer, 200 mM each deoxynucleoside triphosphate, 1.25 mg of T4 gene 32 protein (Ambion, Inc., Austin, Texas, USA), and 1.25 U of Takara Ex Taq DNA HS polymerase. The PCR products were separated by electrophoresis on 1.5z of Agarose 1000 gel (Invitrogen, Carlsbad, California, USA) and stained with ethidium bromide.
The primers gave PCR products with the control (Fig. 1) . These primers were veriˆed with genomic DNA from nine animal species including twoˆsh species ( Table 2) . DNA of ruminants (cattle, sheep and goat) could be detected with the Art2 primer. DNA of the domestic pig and wild boar could be detected with PRE-1 primer. The CR1 primer for chicken ampliˆed both chicken and quail DNA.
The detection limit of the primers was examined with concentrations of 18.75 ng to 18.75 fg of the control template in 25 ml of the PCR reaction mixture. The limit of detection for the Art2 primer was 18.75 fg and that for PRE-1 and CR1 primers was 187.5 fg to 1.875 pg. The primers detected the target material at concentrations of 0.01z MBM or less (Fig. 2) . In a check of such detection, PCR products from feed containing 1z commercial MBM were cloned with the TOPO TA Cloning Kit (Invitrogen). Minilibraries were constructed from PCR products ampliˆed with the Art2, PRE-1, or CR1 primer, and randomly chosen clones from the three libraries were sequenced. DNA inserts in the plasmid was checked with colony-direct PCR with a InsertCheck Ready Kit (Toyobo, Tokyo, Japan), and amplicon was puried with a PCR Product Pre-sequencing Kit (Usb, Cleveland, Ohio, USA). Cycle sequencing was done with an ABI PRISM BigDye Terminator version 3.0 Cycle Sequencing Ready Reaction Kit (Applied Biosystems, Tokyo, Japan). The sequencing reaction products were read on an ABI3700 DNA Analyzer (Applied Biosystems). The sequences obtained were searched for online with a BLAST search. Sequence similarity was calculated with a GENETYX-MAC version 8.0 program (Software Development Co., Ltd., Tokyo, Japan). All sequences were conˆrmed to correspond with the SINE or LINE of the target animal from BLAST search results. The sequence similarity was as follows. Clones from the Art2 library had 93.6z±3.8 (n24, mean±SD) similarity to Art2 SINE (X02509); clones from the PRE-1 library had 86.0z±2.7 (n22) similarity to PRE-1 SINE (X64127); and clones from the CR1 library had 90.3z±2.6 (n21) similarity to CR1 LINE (AF305581). These results indicated that the designed primers could amplify the target SINEs and LINE in the feed, making possible their detection.
The sensitivity of detection diŠered with the primer. As was found for detection of the control templates, the ruminant SINE was detected more sensitively than the two other targets in the test feed. SINEs and LINEs contain variable regions; 16, 23) not all copies are uniform. The range of sequence similarity found re‰ects this sequence variation. Various lengths of sequences in the same SINE and LINE were found in GenBank DNA database. The diŠer-ences in sensitivity of the primers probably re‰ects their a‹nity for the copies of SINE or LINE. In addition, the proportion of animal material during the rendering process might aŠect the sensitivity of detection.
Our primers had advantages for use in the detection of contamination of feed. The Art2 detect not only bovine material, but also that from sheep and goats. To help prevent the spread of bovine spongiform encephalopathy, MBM from any species of ruminants is prohibited by law for use in ruminant feed in Japan and elsewhere. The use of this primer allow us to check for ruminant materials in feed. Another advantage is the improved sensitivity of detection made possible by the design of primers for PCR on the basis of sequences in short or long interspersed repetitive elements, which are present in more copies than mitochondrial DNA. The primers detected DNA in feed containing 0.01z to 0.001z commercial MBM containing ruminant, pig, and chicken materials, an improvement over earlier primers. 4, 8, 9) 
